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RE10SE: lo assess the extent to which the archaebacteria
possess unique biochemical features of aromatic amino acid
biosynthesis and regulation and to compare the biochemical diversitv
within the archaebacteria to the biochemical diversity already known
or now emerging within the eubacteria.

RAI INALL: In eubacteria aromatic-pathway character states are
exceedingly diverse. A given feature will cluster at a hierarchical
level ot phylogeny that cannot be predicted in advance, e.g.. the
bifunctional P-protein o+ phenylalanine synthesis is inevitably
present in two of the three Superfamilies of Gram-negative bacteria,
while the bifunctional T-protein of tyrosine synthesis evolved much
later and is restricted to the enteric lineage (a relatively small
cluster within Superfamily B). In eubacteria the type of prephenate
dehydratase activated by 'hydrophobic amino acids has proven to be a
character state conserved at a very deep level. Its presence in an
extreme halophile identifies it as an enzyme of initial interest
within the archaebacteria. Information can he anticipated at the
level of overall aromatic amino acid biosynthesis (enzyme steps,
cofactor specificity, regulatory patterns, multifunctional enzymes)
that, although unpredictable a priori, will be interpretable in terms
of evolution within the archaebacterial kingdom and in terms of
deducing the nature of the pathway in a common ancestor of the three
kingdoms.

I RODLCTION: A distinct impression is popular that archaebacteria
are biochemically unique. T-hus. (i) methanogens possess several malor-
cofactors that occur rarely: if at all, elsewhere, (ii) methanogens
lack other cofactors which are ubiquitous elsewhere, (iii)
archaebacteria exhibit unique cell-wall biochemistries, (iv) 2
archaebacterial lipids are unique, (v) novel base modifications exist I
in tRNAs and rRNAs. and (vi) archaebacterial enzymes show unique
subunit structure.

In eubacteria the comparative biochemistry and regulation of aromatic
amino acid biosynthesis is known in a more comprehensive documentation.-
of diversity than is any other biochemical pathway. Preliminary data
from an extreme halophile indicate a productive approach to the
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examination of biochemical diversitv in archaebacteria that focuses

upon the enzyme, prephenate dehydratase, as a starting point of
inquiry.

PRQQPESS: Lxtreme halophiles such as Hal__ t-rium 'I2i~m!rtLs
possess a prephenate dehydratase enzyme which is subject to allosteric

activation by hydrophobic amino acids. his example of metabolic

interlock is characteristic of nuch or all of the bram-positive
lineage of eubacteria. We have extended the enzymological base of

information in the extreme halophile lineage, and we have begun the

study o organisms within the one of the three methanogen orders

(Me-thanamicrobiale_) that is phylogenetically nearest to the
H aQbj-cR _aIe. Within the latter methanogen order.

MettLtaahjlajpbXjil. m alm (a member of the family retbaninaceae)
has been selected for in-depth study.

Pr_-ebate bydrQgen&e. Ihe enzyme exhibits a Km value for
prephenateof 0.56 mMt. It displays substrate ambiguity with respect
to pyridine nucleotide requirement, although NADP- (Km = v.t/9 mM) is

preferred to NAD- (Km = 1.25 mM). It is quite sensitive to feedback

inhibition by L-tyrosine. Ivo% inhibition being obtained at Q.2 mM L-

tvrosine when Km levels of prephenate are used. Surprisingly.
activity rates measured in the presence of -3.0 K KCI were 8-fold less

than when .2 M KCI was present in the buffer.

hxkvmnte__dehYrgPa. Like all eubacterial enzymes described to

date. shikimate dehydrogenase was specific for NAD'- . It was

incapable of substituting quinate for shikimate. Km values for
shikimate and NADP- were u.I mM and 0.50 mM, respectively. Activity

rates measured in the presence of .3.0) M KCI were /-fold less than when

.2 ~ KLI was present in the buffer.

Ch._rJmieTj± . Ihe enzyme is very active but possesses a rather
low affinity for chorismate. Each of the three aromatic amino acids

causes modest activation (in the range of 10%).

DAP_.zyr-nLA. No activity was initially detected in spite of an
extensive series of assays carried out under alternative conditions.
Recent results indicate that the enzyme requires unusually high pH for

activity, similar to plant DAHP synthases. Ongoing experiments can
now determine the number of isozymes that may exist, together with the

specialized pattern of allopteric control.

Otb ativies not detected. Arogenate dehydrogenase, arogenate
dehydratase, and 4-hydroxyphenyllactate dehydrogenase (a new
eubacterial enzyme of tyrosine biosynthesis) were not detected. lhese

activities were not necessarily expected to be present.

Prephrna-te-AthydrataSa. Activity was quite low in the absence of

allosteric activators (tyrosine, tryptophan, leucine, methionine and

isoleucine). [he relative efficiencies of activator molecules were:

IYR .> LEU = MET .> iRP > ILL. Activation by tyrosine was very dramatic



(13-fold at 2 mM IYR). Valine was ine+fective as an activator.
Phenylalanine was an exceedingly potent inhibitor, causing complete
inhibition at only 13 pM. Phenylalanine was able to antaoonize
tyrosine activation qutite effectively.

M. m@hiiL may possess one of the most interesting prephenate

dehydratases of the "metabolic interlock" class. lyrosine activation

o+ the M. faiaLL enzyme (13-fold) is much greater than the -2-fold

effect seen with qIIobActeriu yAIi mortum. or the 21% increase seen
with the b lasm aidiawi enzyme. Ihe cyanobacterial
(SyrbQysti) enzyme exhibits >6-told activation by tyrosine but
di+fers from M. mahi-L in the domination of activation over inhibition

in bnycjcytis. Iryptophan activates the ti. mahftl enzyme

substantially compared to its potent inhibitory effect in L4ajiiLs
UbL_tL11_i.

ONK _I-STDE: With the completion of enzymological
characterizations at the biochemical level, molecular-genetic studies

are now underway with chorismate mutase, prephenate dehydratase. and

prephenate dehydrogenase.

(i) Cloned genes encoding chorismate mutase (&r H), prephenate
dehydratase (pb) and prephenate dehydrogenase (tyjz) from Ij _aLLis

subt_li__ will be used to probe archebacterial gene banks. If a
discriminating signal is observed, the gene bank can possibly be
screened with a probe generated from full-length clones (note that
heterologous probes from trapt e have been successfully used).

(ii) Lligonucleotides made to conserved domains determined from
comparison of sequences of functionally related proteins are being
prepared in order to probe a bethanohalophilu. gene bank.

(ill) We will utilize the oligonucleotide probes to sequence the
archebacterial genes encoding chorismate mutase. prephenate
dehydratase, or prephenate dehydrogenase via application o+ PUR
(polymerase chain reaction) methodology.

(iv) the cloned genes will be identified by functional
complementation of existing LEchpribia coi. auxotrophs and/or
auxotrophs to be constructed in HatLobatriu.

r-ging perspective. The character states of aromatic amino
acid biosynthesis are generally similar in the extreme halophiles and
the methanogen order studied here. In addition to the common
possession of the interlock-type of prephenate dehydratase. the
enzymological similarities include the curious properties of
chorismate mutase and the high-pH type of DAHP synthase. Ihese
results support the placement of extreme halophiles within the
archaebacterial kingdom (as proposed by Woese). rather than in the
eubacterial kingdom (as proposed by Lake).
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